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Wcy Siemens * Planiawerke 
GBSEIXSGHAFT^ a German company, (£ 
Meitingcn, near. Augsburg, Gennany, do 
hereby declare the invention, for we 

5 pray that a patent may be granted to us, and 
the method by which it is to be pcrfarmed, 
to be particularly described in and by the 
following statement: — 

*rhis invention relates to working dements, 

10 for example resistance heating, elements, for 
use at high temperatures in an atmosphere 
containing oxygen. 

Silicon compounds of the border-line metals 
of the 4th to 6th gioup of the Periodic System, 

U and at>ovc all molybdenum disilidde, have 
repeatedly been proposed as materials for use 
at working temperatures above 1400° 
an oxidising atmosphere. Thus, this disilicide 
can be used in conjunction widi silicon or 

20 other hard materials or oxides as a sintering 
material or as a inroteciive layer on molyb- 
denum parts. 

The surprising resistance to oxidation up to 
1700° C is attributed to the formation of a 

I J vitreous covering layer containing SiO, upon 
beat treatment in air. This protective effect 
also, for example, makes it possible for 
workpieces formed by powder-metallurgical 
methods, after having been initially antered 

30 in a reducing atmosphere, to be finally sin- 
tered in an oxidising atmosphere, for example, 
by direct, resistance heating of rod-like parts. 

It has now been found that the formation 
of a n<m-sading covering layer can only be 

35 guaranteed if the <mdation of the molybdenum 
HtgiH^H^ talKS place at a temperature higher 
than 700* C The time until this covering 
layer is farmed depends on the temperature at 
which formation takes place. The covering layer 

40 is formed after about 20 to 50 hours at 750** C. 
whilst at 1000* C. the covering layer is fwmed 
after 5 to 10 hours and after a few minutes 
at 1400' G Between 300" and 700" C, and 
particularly between 500" and 650" C, the 



molybdenum disilidde is surprisingly des- 
troyed very quickly due to attadc by oxygen. 
Thus, . sintered elements were destroyaf at 
SSO"" C. by a stream of oxygen in a few hours 
so that they became completely decomposed 
into a greyish green powder, llie destruction 
apparentiy commences from the gndn 
boundaries, MoSi^ partides which are endosed 
by oxides, being split off. The des&uction is 
not influenced by a higjier silicon contenl^ 
although it L<? known that tiiis measure 
improves die non-scaling properties of molyb- 
denum disilidde at temperatures above 700 
degrees Centigrade. Tins unexpected dis^ 
integration of molybdenum disilidde in the 
temperature raaage indicated occurs in tiie same 
way with finally sintered bodies in a hydrogen 
atmosphere or an inert gas atmosphere. The 
result is tiiat working dements with varying 
working temperatures, for example, beating 
conductors, imdergo a very rapid disintegra- 
tion just in the zones from 300' to 700* C 
For example, it could be observed with heat- 
ing conductors that in. the high temperature 
zone i.e. between 1400 and 1700" C, a fine 
vitreous covering layer was formed after a 
short time, while the zone between 300 and 
700** C. is subject to a strong action aft«: 
about 20 to 50 hours, so that the heating rod 
breaks off at this point due to die reduction 
in cross-section which occurs and is due to 
overheating. 

According to the present invention there is 
provided a working dement, for examp le a 
resistance heating dement, for use at high 
tem|>eratures in an atmosphere containing 
oxygen, said dement being composed, at least 
in part, of a molybdenum silicon alloy, such 
as molybdenum didlidde, and Imving a first 
zone normally operative at working tempera- 
tures of between 1400 and 1700 degrees Centi- 
grade, and a seccmd zone normally oprative 
at working temperatures of between 300 and 
700 degrees Centigrade, said second zone 
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PATENTS ACT, 1949 - ■ - • - . , , 

SPECIFIOATION NO. 795.004 

in accordance with the Decision of the Superintending Examiner, acting for the 
Camptroller-General, dated the 30tii day of May, 1963 this Specification has heai 
amended under Section 14 In the following manner: - 

Page It line 3^ after «parts. « insert "Such a method and Its product form the 
1 suhject of the claims of Specification No. 791,524, Which is of earlier date than 
the present ^eclflcatlon hut which was not puhllshed prior to the date of the 
present specification." 

Page 1, line 88. Page z lines 1 and 2 and lines 56 and 57, delete "said second 
zone having an oxygen Impervious coat thereon or being" insert "and In which said 
second zone hut not said first zone Is either provided with an oxygen Impervious 
coat he fore the element Is subjected to normal operative conditions for the first 
time or is" 



20 

material or as a protective layer on molyb- 
denum parts. 

The surprising resistance to oxidation up to 
1700' C. is attributed to the fonnaticMi of a 

13 vitreous covering layer containing SiO^ upon 
heat treatment in air. This protective ^ect 
also, for example, makes it possible foe 
workpicces formed by powder-metallurgical 
methods, after having been initially sintered 

30 in a reducing atmosphere, to be finally sin- 
tered in an oxidising atmosphere^ for example;, 
by direct resistance heating of rod-like parts. 

It has now been found that the formadcm 
of a non-scaling covering layer can only be 

35 guaranteed if the oxidation of the molybdenmn 
disilidde takes place at a temperature higher 
dian 700* C The time until this covering 
layer is formed depends on the temperature at 
which formation takes place. The covering layer 

40 is formed after about 20 to 50 hours at 750° C. 
whilst at 1000" C. the covering layer is formed 
after 5 to 10 hours and after a few minutes 
at 1400' C. Between BOO** and 700" C.^ and 
particularly between 500** and 650*" C, the 



conductK»rs, undergo a very rapid disint^ra- 
tion just in the zones from 300' to 700" C 
For example, it could be observed with heat- 
ing ccmducrors that in die hi^ temperatuze 
zone Le. between 1400 and 1700° C, a fine 
vitreous covering layer was formed lafter a 
short time, v^iiile the zone between 300 and 
700* C is subject to a strong acticm after 
about 20 to 50 hours, so that &e heating rod 
breaks off at this point due to the reduction 
in cross-secdcm which occurs and is due to 
overheating. 

According to the present invention there is 
provided a working element^ for example a 
resistance heating dlement, for use at high 
temperatures in an atmosphere containing 
oxygen, said element being composed, at least 
in part, of a molybdenum silicon aUoy, sudi 
as molybdenum disilicide, and having a first 
zone normally operative at working tempera- 
tures of between 1400 and 1700 degrees C^ti- 
grade, and a second zone normally operative 
at working temperatures of between 300 and 
700 degrees Centigrade, said second zone 
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haying an oxygen impervious coat thereon or 
being of material no part of whidi is molyb- 
denum silicwi alloy. 

MoSia surfaces are protected in the critical 
5 temperature range by the fact that they ara 
covered widi a gas-impermeable protective 
layer consisting mainly of oxides of metals 
odier than molybdenum, for example SiOj or 
AI2O3. A very simple and effective protection 
10 is obtained if the vitreous covering kyer con- 
taining SiOj is formed on MoSis macerials. 
This layer can be formed in an ox3^en-C(Hitain- 
ing atmosphere in a maimer known per se by 
die parts of the workpieces bdng heated at 
15 temperatures higher dian 1300* C, preferably 
higher than 1350* C, prior to bang used at 
temperatures between 300° and 700" C 

It has also proved satisfactory to cover the 
MoSis surfaces with metallic protective layers 
20 applied according to methods known per se. 
For example, good results could be produced 
with an electrdytically applied chromium layer 
and with titanium disilic^e layer applied by 
sintering. 

25 Another method of making heating dements 
of molybdenum disilicide which are resistant 
to temperatures of above 700* C and which 
have zones diat are also resistant to oxygen at 
lower temperatures between 300" C. and 

30 700^ C is to combme a high- 
temperature part consisting of molyb- 
denum disilidde with a metal part whidi is 
resistant to oxidation at such lower tempera- 
tures and which is welded on. The following 

35 example <rf the use of this method can be 
given: A molybdenum disilicide heating con- 
ductor for working temperatures up to 1700** 
C has metal parts consisting of silver and 5 % 
silicon welded thereon at both ends so as to 

40 form the zones of the element which have a 
working temperature range of between 300 
and 700** C The continuation to the cold 
copper connection is composed of chromium 
steel, for example of ferritic chromium sted. 

45 What we claim is: — 



1. A working dement, for example a reast- 
ancc heating dement for use at hi^ tempera- 
tures in an atmosphere containing oxygen, said 
dement being composed, at least in part, of a 
molybdenum silicon alloy, sudx as mdjrb- 50 
denum disilidde, and having a first zone nor- 
mally operative at working temperatures of 
between 1400 and 1700 degrees Centigrade, 
and a second zoxm normally operative at work- 
ing temperatures oi between 300 and 700 55 
degrees Centigrade, said second zone having 

an oxygen impervious coat thereon or being 
of material no part of which is mdybdemnn 
siiicQn alloy. 

2. A process for the production of an oxygen 60 
impervious vitreous oxide protective l^ce 
composed mainly of silicon d[<«ide upon the 
second said zone of an element as damied in 
Oaim I9 said layer being formed b^ hating 
said dement to a temperature exceeding 1300 65 
degrees Centigrade in an atmo^here conuun- 
ing oxygen. 

3. An dement as daimed in Oaim I wher^ 
in those parts of the element whidi are nor- 
mally operative at temperatures between 300 70 
and 700 degrees Centigrade and which con- 
tain molybdenum silicon alloy are covered with 

a metallic protective layer. 

4. An dement as daimed in Qaim 1, where- 
in those parts of the element which are nor- 75 
mally operative at temperatures between 300 
and 700 degrees Centigrade are composed of 

an oxidation resisting metal, no part of whidi 
is molybdeniun silicon alloy, 

5. A working element, for example a reast- 80 
ance heating dement, for use at high tempera- 
tures in an atmosphere containing oxygen, 
substantially as hereinbefore described with 
reference to the specific example. 
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